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ABSTRACT 
This research was conducted to study the microbial contamination at different 
eat processing steps as related to storage temperatures (samples were exposed 
to different storage temperatures from room temperature to chilling 
temperature). Thirty three samples from different factories at different level 
of processing were subjected to microbiological analysis. The results obtained 
showed that at the early steps of meat processing, microbial contamination 
level was ranging from (9×105cfu - 2×106 cfu/g) and (2.91×107cfu/g - 
7.91×07cfu/g) for cut and minced meat respectively). However, at a late stage 
of processing where the temperature either (refrigerated) or (freezing) was 
used the microbial load for both levels of temperatures was slightly decreased 
in the range from (7.2×106cfu/g - 8×106cfu/g) and (71×104cfu/g to 
5.21×103cfu/g) for refrigerated and frozen samples respectively. Test of 
pathogenic bacteria for the same samples at all processing steps showed that 
the number of Staphylococcus aureus at the primary steps was (8×102 cfu/g - 
3×103cfu/g), while after chilling it was in the range (7×102 cfu/g to 3×102 
cfu/g), while the total coliform was decreased nearly by 50%. However, 
E.coli strains show very level low of contamination after chilling especially 
after storage in freezer. It is concluded that meat processing is liable to 
contamination hazards.  
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1. INTRODUCTION 
Food is the substance which gives nutrients and energy material to 
living organism for its life and growth (Jay, 2000). Foods used for human 
growth. Presence and growth of microorganisms in foods consumed by 
humans or animals serve as potential source of infections and cause numbers 
of food borne diseases (Das, 2007). Microorganisms enter the food at various 
stages and increase their population by growth to such an extent that they 
become harmful on consumption of such food. Microbial contaminated foods 
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may not directly support the growth of microorganisms but it supports them 
by providing an environment for their survival. . Microorganisms 
contaminate foods or grow in them include:  bacteria, fungi, protozoa, 
helminthes and viruses (Reddy, 2007). 
Red meat and meat products have been implicated in many cases of 
food borne diseases. Pathogenic microorganisms that cause human diseases 
are found in the digestive tract of healthy cattle and sheep. These 
microorganisms are excreted in the faces and can be found on the hides and 
fleeces of live animal. Bacterial contamination of the fleece / hide can then 
be transferred into previously sterile meat surfaces during slaughter and 
dressing (Das, 2007). Meat is described as edible dressed portion from 
skeletal muscle of healthy live stock of domesticated animals and must be 
free from offal (Abrle et al., 2001). It is recognized as nutritious food being 
an excellent source of high quality protein rich in most B complex vitamins 
and certain minerals especially iron (Lawrie, 1991). 
Most Sudanese consume fresh and processed meat which is subjected 
to contamination at a various stages of production. Sudan is a tropical country, 
its climate enhances the growth of microorganisms and rapid spoilage of meat 
products. People obtain their meat directly from butcher shops. Most of these 
shops are poorly designed and may be located in busy streets and sometime 
in bad environmental places, such as bus stations, public transportation. Such 
unfavorable environmental condition aggravated the problem for these 
butcher shops. Elgasim (2007) reported that 46% of butcher shops in 
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Khartoum State work under completely unacceptable hygienic standards. 
According  to Abdulla  et al  (2009) microbial contaminating slaughter bovine 
carcasses in Khartoum state revealed that after  skinning, evisceration and 
washing 3.03×10 cfu/cm2, twelve bacterial species were detected. Moreover, 
Suleiman  et al (2012) detected Salmonella spp as well as 4×102 cfu aerobic 
plate count (APC) in street cooked Agashi. Microbiological survey in 
Khartoum local market reveals that beef burger was contaminated with 
7.3×10 APC at zero time storage. Five months later the number increased to 
6.6×10 APC, as well as detection of coliform 6×102 cfu. Production of good-
quality market food requires to keep microorganisms at low level for reasons 
of aesthetics public health and product shelf life. However, all food should be 
expected to contain a certain numbers of organisms of one type or another. 
Ideally, the numbers of microorganisms should be as low as possible under 
good conditions of production (Anonymous, 2004). Excessively high 
numbers of microorganisms in the fresh food cause alarm. It should be kept 
in mind that the inner parts of healthy plant and animal tissues are generally 
sterile and that it is theoretically possible to produce many foods free of 
microorganisms. This objectives becomes impractical, however, when mass 
production and other economic considerations is realized, the numbers of 
microorganisms in a fresh food product , may reflect the overall conditions of 
raw product quality, during processing, handling, storage  and so forth, with 
few exceptions. It is difficult to know what are the lowest numbers of 
microorganisms attainable under good production conditions because of 
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many variables that must be considered. The advances in modern technology, 
increase the possibility of reducing the microbial load in large numbers of 
foods (Jay, 2000) to the level recommended (Standards and Metrology 
Organization). There are two main types of contamination; physical 
contamination by foreign objects which may be dangerous e.g., glass, nails, 
stone or air, all of which are unpleasant and offensive (Davis and Samuel, 
1997). The other type of bacterial contamination usually happens inside the 
premises because of ignorance, in adequate space, poor design or due to food 
handlers. This contamination is the most serious and may result in food 
spoilage, food poisoning and food intoxication (Davis and Samuel, 1997). 
The genera of bacteria that most often found in fresh and processed meat are: 
Salmonella spp, Shigella spp, E.coli, Staphylococus epidermidis, 
Staphylococus aureus, Closterdium welchii, Bacillus cerus. These bacteria 
are all commonly carried by human. Infectious bacteria from soil include 
Clostridium. botulinum and Bacillus anthracis. 
Among the molds commonly infecting meat are Penicillium, Mucor, 
Cladosporium,   Alternaria, Sporotrichium and Thamnidium. However, not 
all of this genera indicated for a given meats product would be found at all 
times. 
Staphylococus aureus is a major pathogen for human, ranging in 
severity from food poisoning or minor skin infection to severe life threatening 
infection (Jawetz et al,. 2001).  In Sudan Staphylococus aureus was isolated 
from sausage, minced meat and burger meat (Elamin, 1990; Esmail, 1997). 
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Moreover, there are many studies on the genera of aerobic bacteria detected 
in fresh meat Bacillus spp, Pseudomonas spp, Staphylococcus spp,  
Acinterobacter spp, E.coli and Salmonella spp (Hussein, 1987). The presence 
of E.coli in meat product is important since it may indicate fecal 
contamination of the meat (Brown, 1992). But the growth of these organisms 
in meat is more dangerous to consumer and therefore mainly processed meat 
must be preserved. 
Lawrie, (1991) classified the storage and preservation of meat on three 
basic principle; temperatures control that by using refrigeration above and 
below the freezing points, and thermal processing (pasteurization- 
sterilization). The storage and preservation based on moisture controls which 
include dehydration, freeze-dehydration, and curing, antibiotics and chemical 
preservation. During the last decades, many workers investigated the effect 
of freezing, repeated freezing and cold-shock on bacteria (Elamin, 1990). 
According to Judge et al, (1990) low temperature was more destructive to 
bacteria than higher temperature. Borgstram (1955) reported that cells which 
were still viable immediately die gradually after freezing on storage in the 
frozen state. The frozen storage of cell suspension of Sal. Gallinarium at -20 
ºC for one day resulted in heterogeneous population of dead, metabolic injury 
and unharmed cells (Sorrells et al,. 1970). In Sudan, Abdalla (2003) and Ali 
(2007) showed that the total viable count in beef meat increased with frozen 
storage period. Moreover, Elamin (1990) showed that pathogenic bacteria 
could be recovered from a large proportion of frozen meat. In Sudan    beef 
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burger   production,   processes are multistage done   manually; that entails 
probability   of   contamination. However, there are   no  stringent   food  
safety guide lines  or   standards. Food safety   depends largely on good   
manufacturing   practices (GMP).The aim of this research   was  to  monitor 
six critical control point (CCP) which represent stages in  beef burger  
production process in three meat processing  plants at Khartoum State using 
very   important    parameters  such   as APC as food  spoilage indicator  and/or 
other index    organisms which  contribute to meat poisoning spoilage, and 
intoxication(  ICMSF,1986 ).  The final aim is  to  enable the  SSMO to  adopt  
the  hazards  analysis  of  the  critical   control  point  (HACCP) in   the  future. 
The main objectives of this study are: 
To assess the pathogenic bacteria on processed meat related to storage 
temperature. 
To identify the isolated pathogenic strains. 
To study the effect of different temperature specially chilling storage 
on isolated pathogenic bacteria, activity and growth. 
2. MATERIALS AND METHODS 
Cross section description study was used as study design. The study 
was conducted in three meat processing factories at Khartoum State.  
2.1 Meat samples and preparation of sample homogenate 
Hundred gm composite lot was collected randomly through the 
different consecutive processing steps of beef burger using sharp sterile knife. 
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Then 30 gm were taken in triplicate and used as sample units. Samples were 
collected in sterile plastic bottles and promptly subjected to analysis. The 
original storage conditions were maintained (In case of delays; samples were 
stored at -20ºC). The overall numbers of samples collected are eleven samples 
from each factory.  
2.1.1 Preparation of serial dilutions 
Thirty grams of meat (cut or minced) were weighed aseptically and 
homogenized in 270 ml of sterile diluents (0.15% peptone water). In conical 
flasks samples and diluents mixed well to give (30/100wf/v). By using sterile 
pipettes 1 ml was transferred to a series test tubes (6) containing 9 ml of sterile 
diluents. It was mixed well to give 10-1 to 10-6.dilution.  
Total viable count of bacteria was carried out by using the plate count 
method. One ml was transferred from every dilution to sterile Petri dishes. 
Then 15 ml of sterile melted plate count agar were added to every Petri dish, 
mixed well and were allowed to solidify. The plates were incubated at 37° C 
for 48 hours. After the incubation period had been finished the plates were 
examined by using colony counter. The colonies in every plate were counted 
to find out the total viable count of bacteria. The results were illustrated 
CFU/g form, using the following formula: 
CFU= (TVC/n) × RD ×1000 = CFU/g (FW) 
                (30/300)  
Results were expressed in CFU/g (DW) using the following formula. 
CFU= (TVC/N) ×RD ×1000 = CFU/g (DW) 
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                (30/300) × (DW %) 
Where: CFU= Colony forming unit.; TVC= Total viable count; RD= 
Reciprocal of dilution; DW= Dry weight; FW= Fresh weight; N= Number of 
plates. 
2.2 Staphylococcus aureus enumeration 
From a suitable dilution, 0.1 ml was spread on solidified Baird-parker 
medium, then the plates were incubated at 37° C for 24 hours, After 24 hours 
Black, shiny, convex colonies were detected. Counting was expressed as 
CFU/g. 
2.3 Determination of Salmonella 
Thirty grams of meat samples were weighed aseptically and mixed 
well with 70 ml sterile nutrient broth and incubated at 37° C for 24 hours. A 
loop-full of incubated Nutrient Broth  was transferred aseptically into 
sterilized selenite broth and incubated at 37°C for 24 hours. A loop full of 24 
hours inoculums was streak plated on bismuth sulphite agar surface and 
incubated at 37° C for 24 hours. Salmonella colonies appear as gray with 
black centers (black metallic sheen). Gray colonies were picked and sub 
cultured in triple sugar iron agar tubes as a confirmatory test. Production of a 
black color at the bottom of the tube confirmed the presence of Salmonella. 
2.4 Determination of coliform bacteria 
It was carried out by using the most probable number (MPN) 
technique. 
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2.4.1  Presumptive coliform test 
It was carried out by inoculating the tubes of sterile MacConkey broth 
containing inverted Durham tubes as follows: 1ml of each dilution (10-1, 10-
2, 10-3in triplicates) was transferred to a 9ml of sterile MacConkey broth 
tubes. The tubes were incubated at 37 °C for 48 hours. Positive tubes give gas 
in the Durham tubes. 
2.4.2 Confirmed coliform test 
All tubes showing gas in 24 hrs. i.e., lactose fermentor, were 
submitted to the confirmed test using brilliant green bile lactose broth 
fermentation tubes with Durham tubes, and then incubated at 37° C for 48 
hours. The most probable number (MPN) was recorded.  
2.4.3 Faecal coliform test 
At least 3 loop-full of each confirmed positive tube were subcultured 
into EC broth medium and then incubated at 44.5°C for 24 hours. Tubes 
showing any amount of gas production were considered positive. The most 
probable number (MPN) was recorded. 
2.4.4 Differentiation of fecal coliform 
For further confirmation of fical coliform, tubes giving positive 
reaction at 44.5°C for 24 hours were streaked on EMB agar. Colonies with 
green metallic sheen indicated positive test. 
2.5 Statistical analysis 
Data were run by Excel Data Show 
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3. RESULTS AND DISCUSSION 
This study deals with the microbial contamination of processed meat 
at different stages of storage temperature. The contamination was indicated 
by the total viable count, coliform and/or pathogenic bacteria as related to 
storage temperature.  
During the course of the present study, samples were collected from three 
factories in Khartoum State. The survey was carried out to determine 
microbial analysis prior, during and post processing taken into consideration 
storage temperature in every step. (Flowchart (1)). 
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Lowchart 1: Meat manufacturing process at different temperature storage 
conditions 
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Table 1. Bacterial total viable count (TVC) detected in the first three 
processing steps (fresh, cut, minced) at room temperature in Khartoum and 
Omdurman Factories.  
 
 
 
 
 
 
 
 
 
 
The presence of these organisms on meat parts could be attributed to 
the fact that meat contains an abundance of all nutrients required for the 
growth of bacteria. On comparing the bacterial contamination between 
factories, Omdurman factory show slight high level of contamination than 
Khartoum factory Table 1.  
This is an indication of recontamination in food handling and hygiene 
technique (Clarence et al, 2009). The presence of these organisms in fresh 
and processed meat indicates a deplorable state of poor hygienic and sanitary 
practices employed in the slaughtering, processing and packaging of meats. 
From the general results obtained processed meat samples were contaminated 
with high level of E.coli, Salmonella, S. aureus and total coliform at primary 
steps fresh, cut and minced respectively.  
The present of microorganism in meat depicts that dirty workers 
hands, clothes and equipment of the slaughterhouse acts as intermediate 
Total viable count CFU/g Site Steps 
5.8 ×105 Factory in Khartoum Step1 
(Fresh meat) 6.3 ×105 Factory in Omdurman 
9 ×105 Factory in Khartoum Step2 
(Cut meat) 2 ×106 Factory in Omdurman 
2.9×107 Factory in Khartoum Step3 
(Minced meat) 7.9×108 Factory in Omdurman 
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sources of contamination of meat (Abdalla et al., 2009). However, in (steps 2 
and 3 cut and minced meat) the study showed high viable count between 
9×105cfu/g to 2×106cfug and 2.9×107cfu/g to 7.9×108cfu/g for cut and minced 
respectively. This level of contamination indicates that meat may be exposed 
to excessive handling and contaminated utensils used during this steps. 
Table 2 . The effect of cooling and freezing on cut and minced meat of the 
bacterial viable count at different locations.  
  
Table 3. The effect of dressing and packaging in 2 different locations at room 
temperature, that new recontamination was occurring. 
 
 
 
 
 
 
 
Results obtained in Tables 2 and 3 were similar to those obtained by 
Elamin (1990) and Jay (1996). The conclusion was that the meat after 
Total viable count CFU/g Site Steps 
5.3 ×10 5 Factory in Khartoum Step4 
 (cut refrigerated) 3.4 ×10 4 Factory in Omdurman 
4.8 ×10 5 Factory in Khartoum Step5 
(cut frozen) 3×10 5 Factory in Omdurman 
3.7 ×10 7 Factory in Khartoum Step 6 
(minced refrigerated) 8 ×10 5 Factory in Omdurman 
2 ×10 6 Factory in Khartoum Step7 
(Minced frozen) 6.4 ×10 5 Factory in Omdurman 
Total viable count CFU/g Site  Steps 
11.6×10 5 Factory in Khartoum Step8 
(Dressing) 6.5 ×10 6 Factory in Omdurman 
8 ×10 5 Factory in Khartoum Step9 
(Packaged) 4.1 ×10 6 Factory in Omdurman 
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mincing shows very high contamination and cross contamination could occur 
during grinding. However, it might contain some organs such as lymph nodes 
which were found to contain high bacteria. contain high bacteria count as well 
as pathogenic bacteria. Chilling did not destroy significant number of 
microorganisms, however cold shock as result of freezing was reported to 
cause lethal and non lethal injury (Elamin, 1990). 
In Table 3 shows that minced meat was subjected to dressing by additives like 
garlic, onion, soya bean and NaCl. Dressing of minced meat in Omdurman 
had significant effect on total viable count, the account  was 6 time higher 
factory. This additives may be potential source of problem such increase of 
number could be attributed mainly to the addition of species and other 
supplement introduced to the meat like onion and garlic which are known to 
posses some contamination properties (Power et al, 1975); as well as having 
high bacterial viable count in their own (Lund , 2000). After dressing meat 
was transferred to burger machine. Finally, meat products were subjected to 
manual packaging, this meant that new contamination was introduced by air 
and/or handler as depicted in Table 3. 
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 Table 4. Samples stored at different temperatures for 2 days, a significant 
decrease of bacterial contamination was observed after storage in freezer. 
                                                                                                                                                                           
 
Fig 1. Staphylococuss aureus CFU/g detected throughout all processing 
steps at  Khartoum Factory. 
 
Total viable count CFU/g Site  Steps 
8 ×10 6 Factory in Khartoum Step10 
 (Storage in refrigerator) 7.2 ×106 Factory in Omdurman 
7×104 Factory in Khartoum Step11 
(Storage in freezer) 5.2×103 Factory in Omdurman 
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Fig 2: Staphylococuss aureus CFU/g detected throughout all processing 
steps at Omdurman Factory. 
 
 
Fig 3. Total Coliform MPN/g detected in meat samples throughout all 
processing steps at Khartoum Factory. 
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Fig 4: Total Coliform MPN/g detected in meat samples throughout all 
processing steps at Omdurman Factory. 
 
 
Fig 5.  E.coli MPN/g detected throughout all processing steps at Khartoum 
Factory. 
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Fig 6.  E.coli MPN/g detected throughout all processing steps at Omdurman 
Factory. 
 
Contain high bacteria count as well as pathogenic bacteria. Chilling 
did not destroy significant number of microorganisms, however cold shock 
as result of freezing was reported to cause lethal and non lethal injury 
(Elamin, 1990). 
Results depicted in Table (4) reveal that samples stored at different 
temperature for 2days, a significant decrease of bacterial contamination was 
observed after storage in freezer. According to Woodburn and Strong (1960) 
significant decrease in number of viable bacterial cells stored at -11°C to -
30°C. 
Figures 1 and 2 show the total number of Staphylococuss aureus 
(cfu/g) throughout all steps of processing in 2 factories Khartoum and 
Omdurman. The total number of staph aurues in Khartoum was generally in 
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high range. During all steps of processing it was not stable but jerking up and 
down throughout all processing steps, , while in Omdurman the numbers 
increase during the first steps but after that it was sharply dicreased and then 
increase leveled off  it seems that  high number isolate after cut and minced. 
In Sudan staph spp isolated from meat and processing machine may be 
attributed to (Musa (2004); Yousuf et al,.2008). The lack of adequate hand 
washing and poor personal hygiene. However, the same species was isolated 
from mortadella, sausage, burger and minced meat (Esmail 1997). But 
chilling temperature during and after processing lowered the number of Staph 
aureus. Jackson (1974) reported that storage causes metabolic injury of 
Staphylococus aureus when exposed to 5°C, also injury of S.aureus at 4°C 
was reported by (Elsanosi,1995) . However, Adams and Moss (2000), 
reported that freezing did not detoxified toxin left by staphylococcal or 
boutlinum toxins. Moreover Jay, (2000) reported that endospores and food 
poisoning toxins are apparently unaffected by low temperature. Figures 3 and 
4 show the total coliform expressed as MPN/g throughout all processing 
steps. It is clear that this number recorded after cutting and mincing was high 
but slightly the number increased slightly after chilling. Several investigators 
reported that low temperature could control microorganisms in different kinds 
of red and white meat (Adams and Moss, 2000). According to Jay (2000) the 
chilling reduces the number of viable aerobic, total coliform and E. coli. 
Figures 5 and 6 show E. coli MPN/g in Khartoum factory and Omdurman 
factory at all processing steps, it depicted high level of contamination in the 
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primary steps. Chen et al., (2001), reported that E. coli was detected in a 
number of Argentine food stuffs such as beef and other meat products. 
According to Beuchat (1996); Enabulele and Uraih (2009) pathogenic 
bacteria such as E coli and L. monocytogenes , are commonly found in fresh 
meats and represent a  health hazard when cooked meats are consumed. 
Different percentage of E. coli injury on different rate of freezing was 
recorded (15% at -2°C, 50% at -5°C or -10°C) (Wieser and Osterud, 1945).  
According to Meynell,(1958)   E.coli  was affected by sudden cooling in many 
diluents at  -4°C. 
4. Conclusion and recommendations 
It is concluded the studied factories meat processing encountered 
microbial contamination hazards. Storage temperature is not the crucial factor 
but interrelated with other factors such as utensils used, addition of spices, 
food handlers, poor hygiene and environmental factors such as air and water 
borne microbes. Inhance both the total microbial load and specifically 
pathogenic and spoilage microbes.   
1- Processed meat factories handlers should be educated on sanitation 
and proper hygiene especially (personal hygiene) to reduce hazard 
contamination caused by handlers. 
2- Processed meat must be kept in refrigerators or in freezers to minimize 
the growth of microbial contamination. 
3- Microbial contamination at list below the level of the international 
standards by excellent sanitary precaution. 
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